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7KH +(8 ����� 6/2:32.(�� UHDFWRU RI eFROH 3RO\WHFKQLTXH GH 0RQWUpDO ZDV UHIXH�
OHG LQ 6HSWHPEHU ���� ZLWK ����� /(8 IXHO DIWHU WZHQW\ \HDUV RI RSHUDWLRQ�8SRQ
FRPSOHWLRQ RI UHIXHOLQJ WKH WKHUPDO DQG HSLWKHUPDO QHXWURQ I OX[HV ZHUH PHDVXUHG DW
IRXU UDGLL LQ WKH QHZ FRUH E\ LUUDGLDWLQJ JROG DQG FRSSHU ZLUH DW ��: IRU �� PLQXWHV�
7KHVH I OX[ SURILOHV ZHUH QRUPDOL]HG WR WKH YDOXHV PHDVXUHG LQ DQ LUUDGLDWLRQ VLWH LQ WKH
EHU\OOLXP UHI OHFWRU� :H KDYH DOVR XVHG WKH '5$*21�'21-21 FKDLQ RI FRGHV DQG D
GHWDLOHG 6/2:32.( UHDFWRU PRGHO WR FDOFXODWH WKH I OX[ GLVWULEXWLRQ LQ WKH FRUH DQG LQ
WKH LUUDGLDWLRQ VLWH� 7KH FDOFXODWHG I OX[ SURILOHV DORQJ WKH IRXU YHUWLFDO OLQHV DUH LQ
DJUHHPHQW ZLWK WKH H[SHULPHQWDO YDOXHV� 7KLV ZRUN DOVR HQDEOHG XV WR YDOLGDWH RXU
FRGHV� QRUPDOO\ XVHG IRU SRZHU UHDFWRUV� IRU D ORZ SRZHU UHVHDUFK UHDFWRU�

,1752'8&7,21

6/2:32.( LV DQ DFURQ\P IRU 6DIH /RZ 3RZHU &ULWLFDO ([SHULPHQW� ,W LV D �� N: SRRO�W\SH
UHVHDUFK UHDFWRU� LW SURGXFHV D WKHUPDO QHXWURQ I OX[ LQ WKH LUUDGLDWLRQ VLWHV RI ���2 Q�FP2�V3� ZKLFK
LV XVHG PDLQO\ IRU QHXWURQ DFWLYDWLRQ DQDO\VLV�

$IWHU WZHQW\ \HDUV RI RSHUDWLQJ ZLWK KLJKO\ HQULFKHG XUDQLXP �+(8� IXHO� WKH 6/2:32.(
UHDFWRU RI eFROH 3RO\WHFKQLTXH GH0RQWUqDO ZDV UHIXHOHG LQ 6HSWHPEHU ����ZLWK QHZ ORZ HQULFKHG
XUDQLXP �/(8� IXHO� ,W LV WKH VHFRQG /(8 FRUH LQ &DQDGD� 7KH RYHUDOO 6/2:32.( UHDFWRU
JHRPHWU\ KDV EHHQ UHWDLQHG� DQG RQO\ WKH IXHO FDJH DQG IXHO HOHPHQWV KDYH EHHQ DOWHUHG IRU WKH
/(8 LQVWDOODWLRQ� 7DEOH � VKRZV WKH PDLQ GLIIHUHQFHV EHWZHHQ WKH WZR FRUHV�

&RUH +(8 /(8

)XHO PDWHULDO 8�$/ 82�
(QULFKPHQW �� 8���� �� �����
1R� RI IXHO HOHPHQWV ��� ���
)XHO OHQJWK �PP� ��� ���

7RWDO PDVV RI 82�D �NJ� ����� �����
)XHO GHQVLW\ �J�FP�� ���� ����
)XHO UDGLXV �PP� ����� �����

)XHO VKHDWK PDWHULDO $O =U��
,QQHU VKHDWK UDGLXV �PP� ����� �����
2XWHU VKHDWK UDGLXV �PP� ����� �����

7DEOH �� 3K\VLFDO 3URSHUWLHV RI 6/2:32.(�� &RUH



)LJXUH � VKRZV D ��' FXW RI WKH UHDFWRU LQVLGH WKH SRRO�

3RRO

&RQWDLQHU

&RQWURO URG

)XHO

%HU\OOLXP
DQQXOXV

%RWWRP
UHIOHFWRU

%HU\OOLXP
3ODWH 7UD\

,UUDGLDWLRQ VLWH

)LJXUH �� 5HSUHVHQWDWLRQ RI 7KH /(8 6/2:32.( 5HDFWRU

&RUH H[FHVV UHDFWLYLW\ DIWHU WKH ��� HOHPHQWV DQG ZLWKRXW %HU\OOLXP SODWHV ZDV DERXW ��� PN�
7KH REMHFWLYH RI WKLV ZRUN ZDV WR PHDVXUHG WKHUPDO DQG HSLWKHUPDO I OX[HV LQ WKH FRUH QRU�

PDOL]HG WR YDOXHV LQ LUUDGLDWLRQ VLWH� DQG DOVR WR XVH RXU FRGHV DQG UHDFWRU PRGHO WR FDOFXODWH WKHVH
I OX[HV�

)/8; 0($685(0(17

,PPHGLDWHO\ DIWHU ILQDO IXHO ORDGLQJ� WKH IXHO FDJH ZDV UHPRYHG IURP WKH SRRO WR LQVHUW ��
FP &RSSHU DQG $OXPLQLXP�*ROG EUDLGHG ZLUHV LQWR IRXU ZDWHU KROHV �)LJXUH �� LQ WKH IXHO FDJH
VLWXDWHG DW UDGLL �� PP�$�� �� PP�%�� �� PP�&� DQG ��� PP�'�� DW WKH VDPH WLPH WZR � FP
&RSSHU DQG $OXPLQLXP�*ROG ZLUHV ZHUH LQVHUWHG LQ DQ LUUDGLDWLRQ VLWH LQ WKH DQQXODU EHU\OOLXP
UHI OHFWRU� $IWHU WKH FDJH ZDV UHSODFHG LQ WKH SRRO� WKH UHDFWRU ZDV RSHUDWHG DW ��: IRU �� PLQXWHV�

7KHUPDO DQG HSLWKHUPDO I OX[HV ZHUH PHDVXUHG E\ LUUDGLDWLQJ WKH FRSSHU DQG $OXPLQLXP�*ROG
ZLUHV ZKLFK EHFDPH UDGLRDFWLYH E\ �Q��� UHDFWLRQV�

S�&X � Q$ Se&X � � 7�Se&X�  ���� K
�b.$X � Q$ �bH$X � � 7��bH$X�  ��� G

Se&X HPLWV D SRVLWURQ �qn� ZKLFK SURGXFHV WZR ��� NH9 DQQLKLODWLRQ SKRWRQ� ZKLOH �bH$X
GLVLQWHJUDWHV E\ HPLWWLQJ D SDUWLFOH EHWD �q3� IROORZHG E\ D SKRWRQ RI HQHUJ\ ���� NH9�

7KH ZLUHV ZHUH FXW LQWR �FP SLHFHV DQG� WKH DFWLYLW\ RI HDFK SLHFH ZDV PHDVXUHG ZLWK D
*HUPDQLXP GHWHFWRU� 7KH JDPPD�UD\ VSHFWUD ZHUH VWRUHG RQ GLVN DQG WKH VSHFLILF DFWLYLWLHV ZHUH
FDOFXODWHG XVLQJ WKH SURJUDP (33$ �eFROH 3RO\WKHFKQLTXH $FWLYDWLRQ $QDO\VLV�>�@ �



&RSSHU DQG $OXPLQLXP *ROG ZLUHV

)XHO HOHPHQW

:DWHU KROH

+ROH XVHG LQ FDOFXODWLRQ

)LJXUH �� 3RVLWLRQLQJ RI &RSSHU DQG $OXPLQLXP�*ROG ZLUHV

6SHFLILF DFWLYDWLRQ LV UHODWHG WR WKH SHDN DUHD E\ WKH IRUPXOD �

�rR '
$ebW_

0E� � e3bWS�`
���

ZKHUH
$ WKH SHDN DUHD
: WKH VDPSOH ZHLJKW
0 WKH GHWHFWRU HIILFLHQF\
b WKH GHFD\ FRQVWDQW
W_ WKH GHFD\ WLPH
WS WKH FRXQWLQJ WLPH

&X LV DFWLYDWHGPDLQO\ E\ WKH WKHUPDO QHXWURQV ZKLOH $X LV DFWLYDWHG VLJQLILFDQWO\ E\ HSLWKHUPDO
QHXWURQV� LWV PDLQ UHVRQDQFH LV DW ���� H9 ZLWK D UHVRQDQFH LQWHJUDO RI ���� E�

7KH DFWLYLW\ LV WKH VXP RI WKH DFWLYLWLHV GXH WR WKHUPDO DQG UHVRQDQFH QHXWURQV>�@ �

� ' �x|� j|�7 n �xo Uf7  �7Ex|� j|� n xo Uf� ���
ZKHUH

� � QXPEHU RI DWRPV RI WKH VWDEOH QXFOLGH
�o � UHVRQDQFH QHXWURQ I OX[
Uf � UHVRQDQFH LQWHJUDO

7 ' E�� e3b|�� � VDWXUDWLRQ IDFWRU



)RU HDFK SRVLWLRQ LQ WKH FRUH WKHUH LV RQH HTXDWLRQ IRU &X DQG RQH IRU $X� 7R REWDLQ WKH YDOXHV
RI WKHUPDO DQG HSLWKHUPDO I OX[ ZH VROYHG WKH WZR HTXDWLRQV XVLQJ WKH IROORZLQJ GDWD�

j|��&X�  ��� E � j|��$X�  ���� E � ,J�&X�  ���� E� ,J�$X�  ���� E>�@ DQG WKH UHODWLRQ
xeR ' f�fDDx|� LQ WKH LUUDGLDWLRQ VLWH IRU WKH QHZ /(8 FRUH� 7KH HSLWKHUPDO WR WKHUPDO UDWLR LQ
WKH LUUDGLDWLRQ VLWH ZDV PHDVXUHG GXULQJ QRUPDO UHDFWRU RSHUDWLRQ DW �� N: SRZHU XVLQJ WKH EDUH
PRQLWRU PHWKRG RI UHIHUHQFH>�@ �

5HVXOWV IRU WKHUPDO DQG HSLWKHUPDO I OX[HV IRU DOO SRVLWLRQ DUH SORWWHG LQ )LJXUH �� DOO YDOXHV
DUH UHODWLYH WR WKRVH LQ WKH LUUDGLDWLRQ VLWH�
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7KH WUDQVSRUW FDOFXODWLRQV ZHUH SHUIRUPHG ZLWK WKH '5$*21 ODWWLFH FRGH >�@ � 7KH GLIIXVLRQ
FRGH '21-21>�@ ZDV WKHQ XVHG WR FRPSXWH I OX[HV DQG PXOWLSOLFDWLRQ IDFWRUV� 7KH PLFURVFRSLF
FURVV VHFWLRQ OLEUDU\ (1')�%9 ��� HQHUJ\ JURXSV� ZDV XVHG WR SHUIRUP WUDQVSRUW FDOFXODWLRQV�
:KHQ WKH WUDQVSRUW HTXDWLRQ LV VROYHG DQG WKH WKHUPDO UHJLRQV DUH KRPRJHQL]HG� PDFURVFRSLF SURS�
HUWLHV DUH FRQGHQVHG WR VL[ HQHUJ\ JURXSV� DQG WKHQ VWRUHG LQ WKH &2032 ILOHV� 7KLV ILOH LV GLUHFWO\
DFFHVVHG LQ WKH '21-21 FRPSXWDWLRQ�

JURXS HQHUJ\ LQWHYDO

� ��. � ������ ��D

� ������ ��D � ������ ���

� ������ ��� � ���
� ��� � ���� ��3�

� ���� ��3� � ��3�

� ��3� � ��� ��3e

7DEOH �� HQHUJ\ JURXS



7UDQVSRUW FDOFXODWLRQ
$ 6/2:32.( PRGHO>�@ LV XVHG WR FRPSXWH QHXWURQ WUDQVSRUW� 7KH JHRPHWU\ RI WKH /(8

UHDFWRU LV FRPSRVHG RI � GLIIHUHQW FLUFXODU UHJLRQV �)LJXUH ��

)XHO

%H 5HIOHFWRU

3RRO

&HQWUDO DUHD

,UUDGLDWLRQ VLWH

)LJXUH �� ��' 7UDQVSRUW 0RGHO

7R WDNH DFFRXQW RI WKH OHDNDJH HIIHFWV� D %� KRPRJHQHRXV PRGHO >�@ LV XVHG LQ '5$*21�
$IWHU KDYLQJ IL[HG DQ LQLWLDO YDOXH RI WKH EXFNOLQJ %2 DQG D ILUVW HVWLPDWH RI WKH FURVV VHFWLRQ� I OX[
DQG WKH HLJHQYDOXH DUH FDOFXODWHG E\ VROYLQJ WKH WUDQVSRUW HTXDWLRQ� 7KHQ D QHZ YDOXH RI %2 LV
FDOFXODWHG DORQJ ZLWK D QHZ JURXS�GHSHQGHQW OHDNDJH FRHIILFLHQW G}� 7KH WRWDO FURVV VHFWLRQ LV
LQFUHDVHG E\ DQ DPRXQW RI G}%2 �

PSJoo
|c} ' P|c} n _}�

2 ���

$ QHZ %2 YDOXH LV WKHQ FDOFXODWHG� 7KH LWHUDWLRQ HQG ZKHQ WKH YDOXH RI Ness EHFRPHV HTXDO WR
�� 7KH YDOXH RI WKH %2 LV WKHQ XVHG WR FDOFXODWH WKH GLIIXVLRQ FRHIILFLHQWV� 7KH QXFOHDU SURSHUWLHV
DUH KRPRJHQL]HG DQG FRQGHQVHG ZLWK � HQHUJ\ JURXSV� WKH LQWHUYDOV RI HQHUJ\ RI WKH JURXSV DUH
SUHVHQWHG LQ 7DEOH �

'LIIXVLRQ FDOFXODWLRQ
7KH &2032 ILOH DQG WKH �' GLIIXVLRQ PRGHO �)LJXUH �� � DUH XVHG LQ WKH '21-21 FRGH WR

VROYH WKH PXOWLJURXS GLIIXVLRQ HTXDWLRQV �
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�}} � PDWULFHV FRPSRVHG RI WKH GLIIXVLRQ WHUPV
�}� � VFDWWHULQJ PDWULFHV
�}� � PDWULFHV FRQWDLQLQJ WKH QHXWURQ SURGXFWLRQ WHUPV



3RRO

)XHO

%H 5HIOHFWRU

,UUDGLDWLRQ VLWH

&HQWUDO DUHD

)LJXUH �� ��' 'LIIXVLRQ 0RGHO

7KH YDOXH RI WKH FRHIILFLHQW Ness � DV ZHOO DV I OX[HV DW WKH YDULRXV SRLQWV RI WKH UHDFWRU DUH
FDOFXODWHG� 8VLQJ WKH ,1,5(6 PRGHO LQ WKH '21-21 FRGH ZH UHFRYHUHG WKH I OX[ YDOXHV LQ WKH
KROHV RI LQWHUHVW� 7KHVH YDOXHV DUH QRUPDOL]HG WR WKH FRPSXWHG YDOXHV LQ WKH LUUDGLDWLRQ VLWH� )OX[
YDOXHV IRU JURXSV � �WKHUPDO� DQG � �HSLWKHUPDO� DUH SORWWHG LQ )LJXUH ��
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)LJXUH �� &DOFXODWHG )OX[ 'LVWULEXWLRQ
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0HDVXUHG DQG FDOFXODWHG WKHUPDO I OX[HV UHDFK D PD[LPXP DW WKH FHQWHU RI WKH UHDFWRU FRUH� DQG
D VHFRQG PD[LPXP LQ WKH WRS UHDFWRU ZDWHU� LQGHHG� DW WKH FRUH H[LW WKH QHXWURQV DUH WKHUPDOL]HG



DQG WKHQ DEVRUEHG E\ WKH OD\HU RI ZDWHU� $IWHU UHDFKLQJ D PD[LPXP DW WKH FHQWHU RI WKH FRUH� WKH
HSLWKHUPDO I OX[ GHFUHDVHV DV RQH PRYHV DZD\ IURP WKH FHQWHU HLWKHU UDGLDOO\ RU D[LDOO\�� )LJXUH
� VKRZV WKDW QRUPDOL]HG FDOFXODWHG DQG PHDVXUHG WKHUPDO DQG HSLWKHUPDO I OX[HV KDYH WKH VDPH
D[LDO SURILOH� 7KH VOLJKW GLIIHUHQFH LQ WKH UHDFWRU FRUH PD\ EH GXH WR WKH IDFW WKDW FDOFXODWLRQV DQG
PHDVXUHPHQWV DUH QRW PDGH DW WKH VDPH KROH �)LJXUH ���
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3RVLWLRQ & 3RVLWLRQ &

)LJXUH �� 0HDVXUHG DQG &DOFXODWHG )OX[ 'LVWULEXWLRQ

:H KDYH FDOFXODWHG WKH UDGLDO YDULDWLRQ RI WKH WKHUPDO DQG HSLWKHUPDO I OX[HV DORQJ D UDGLDO
OLQH FRQWDLQLQJ WKH KROHV RI LQWHUHVW )LJXUH �� 7KH YDOXHV ZHUH QRUPDOL]HG WR WKRVH FDOFXODWHG DW
WKH LUUDGLDWLRQ VLWH� $V FDQ EH VHHQ LQ )LJXUH �� WKH FDOFXODWLRQV DQG PHDVXUHPHQWV VKRZ WKH VDPH
WUHQGV�

5DGLDO /RFDWLRQ �FP�

� � �� �� �� �� �� �� ��

1
R
UP

D
OL]
H
G
7
K
H
UP

D
O
)
OX
[

���

���

���

���

���

���

0HDVXUHG )OX[

&DOFXODWHG )OX[

5DGLDO /RFDWLRQ �FP�

� � �� �� �� �� �� �� ��

1
R
UP

D
OL]
H
G
(
S
LW
K
H
UP

D
O
)
OX
[

���

���

���

���

���

���

0HDVXUHG )OX[

&DOFXODWHG )OX[

&RUH %H 5HIOHFWRU :DWHU
&RUH %H 5HIOHFWRU :DWHU

)LJXUH �� 0HDVXUHG DQG &DOFXODWHG 5DGLDO )OX[ 'LVWULEXWLRQ
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>�@ *� .HQQHG\� -� 6W�3LHUUH ¨̈ 1$$ ZLWK WKH ,PSURYHG 5HODWLYH 0HWKRG DQG WKH ,QWHUDFWLYH &RPSXWHU
3URJUDP (3$$ ©©� -RXUQDO RI 5DGLRDQDO\WLFDO DQG 1XFOHDU &KHPLVWU\� $UWLFOHV� 9RO� ����1R�� ����
����������

>�@ :LOOLDP 6� /\RQ� ¨̈ *XLGH 7R $FWLYDWLRQ $QDO\VLV©©� -DQXDU\ �����
>�@ )� 'H &RUWH� ¨̈ 7KH Nf�6WDQGDUGL]DWLRQ 0HWKRG D 0RYH WR WKH 2SWLPL]DWLRQ RI 1HXWURQ $FWLYDWLRQ

$QDO\VLV©©� 7KHVLV� )DFXOWHLW YDQ GH :HWHQVFKDSSHQ� %HOJLXP� �����
>�@ *UHJ .HQQHG\ � 3ULYDWH &RPPXQLFDWLRQ�������
>�@ *� 0DUOHDX� 5� 5R\ DQG $�+pEHUW �¨̈ '5$*21 � $ &ROOLVLRQ 3UREDELOLW\ 7UDQVSRUW &RGH IRU &HOO

DQG 6XSHUFHOO &DOFXODWLRQV ©©� 5HSRUW ,*(����� eFROH 3RO\WHFKQLTXH GH 0RQWUpDO������
>�@ (� 9DULQ� $� +pEHUW� 5� 5R\ DQG -� .RFODV� ¨̈ $ 8VHU©V *XLGH IRU '21-21©©� 5HSRUW ,*(����� eFROH

3RO\WHFKQLTXH GH 0RQWUpDO������
>�@ 6� 1RFHLU� (� 9DULQ DQG 5� 5R\ ������� ¨̈ +(8 DQG /(8 IXHOHG 6/2:32.( 5HDFWRU 0RGHOLQJ©©�

5HSRUW ,*(����� eFROH 3RO\WHFKQLTXH GH 0RQWUpDO�
>�@ *� 0DUOHDX� $�+pEHUW� ¨̈ ,QWURGXFWLRQ RI DQ ,PSURYHG &ULWLFDO %XFNOLQJ 6HDUFK LQ :,06 ©©� ��|�

$QQXDO 6\PSRVLXP RQ 6LPXODWLRQ RI 5HDFWRU '\QDPLFV DQG 3ODQW &RQWURO� +DPLOWRQ� $SULO� �����


